Atoms and photons are well suited candidates for quantum information processing and quantum communication. While atoms can be used for storage and manipulation, photons represent ideal carriers for the transfer of quantum information. In this context one would strongly benefit from an interface between these two quantum systems. It would form a basic ingredient for a quantum repeater and allow distant manipulations ofthe atomic state via quantum teleportation and remote state preparation protocols. Here we present the first experimental demonstration of the remote preparation of an internal state of a single 87Rb atom. Our approach uses atom-photon entanglement [1] as the interface between the two quantum systems and allows to distantly prepare an arbitrary quantum state of a distant atomic qubit. For this purpose we use the quantum teleportation protocol, where the desired state is first prepared on the photon and, after Bell state measurement, transfered to the atom.
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In our experiment we generate entanglement between the spin of a single, trapped 87Rb atom and the polarization of a photon. For this purpose we optically excite the atom to the 52P3/2, IF' = 0, mF' = 0) excited state ( fig. 1, a) ). In order to perform the remote preparation of the atomic qubit we use an expansion of the Hilbert-space of the photon to imprint the state which shall be transferred ( fig. 1, b) ). For this purpose we use a double-interferometer setup, where two spatial modes are used as an additional degree of freedom for the photon. The two real parameters which define the state to be prepared are the phases (a, /) of the interferometers. The subsequent Bell-state analysis in the joint polarization/spatial-mode Hilbert space of the photon projects the atom onto one of four states defined by (a, q).
Depending on which of the four Bell-states was detected one can apply a pre-defined local transformation on the atom to reconstruct the input state. By controlling the phase setting of the interferometers we are able to remotely prepare any desired state on the atomic qubit. In order to evaluate the accuracy of our preparation scheme we perform a full tomography of the prepared atomic state by combining projective measurements in three complementary bases. This method allows to reconstruct the density matrix of the prepared atomic qubit, yielding a transfer fidelity of 82% (see fig. 1, c), d) ).
